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O UC E LOA 


For the past decade, Naval Oceanography was 
centralized around Fleet ‘umerical Oceanography Center 
(FNOC), ‘fonterey, CA. Almost every analysis or forecast 
nroduct was derived or originated from FOC. The volume 
BN GOouvets  pecame SO larce that their computer facility 
woelle capacity for fubure requarements. Thus, the 
current goal of the Naval Oceanography community has been 
to diversify computer assets by allowing the oceanography 
Centers to maintain computers capable of modifying FNOC 
products and/or generating their own resional products. 
milion to providing the user with more guidance, it 
also aids the survivability of the entire oceanography 
network in case of wartime conditions. 

As a result of this general diversification, Naval 
Oceanography regional processing capabilities will 
rapidly improve over the next five years. This will be 
accomplished through the development, procurement and 
distribution of three major equipment suites to the 
fleet. They are: the AN/SMQ-11 Satellite Receiver, the 
Naval Environmental Data Network (NEDY) Oceanographic 


PU ۱۱ ۰ ۲ ۱۳۲ 10۱ ۵۱ Expansion System (NODDES) / 
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Satellite-Data Processing and Display System (SPADS), and 
the Tactical Environmental Support System II ب-‎ -- ٠٦ 
three systems have in common satellite processing and 
display, which enables the oceanographer "۹٤" 20 
at the remote station to make evaluations of current 
weather parameters without the assistance 5 TE ۱ 
centers (e.g. Guan, Pearl Harbor, Norfolk or Notam 
FNOC. In addition, all three systems are scheduled to 
arrive in the fleet almost simultaneously. 

Although ship, aircraft and weapon system technology 
has advanced steadily over the past decade, oceanography 
and meteorolosy continue to play a primary role in the 
planning and execution of major operations. Sate ۶۶۰ 
capabilities provide the operational command with a 
passive (i.e., the ability to maintain communication 
Silence) means of obtaining numerous oceanographic and 
neteorolosical parameters (e.g., cloud, temperature, 
wind, moisture, pressure, sea condition, sea-surface 
temperature, weather element, etc.). The accuracy and 
extent of these observations have improved dramatically 
with better satellites, sensors and مع ج۵‎ 11 +٦ 
it becomes imperative that the Naval Oceanography 
community utilizes the latest techniques for application 


of satellite data. 


This thesis is designed primarily to evaluate 
Ate lite processime and display capabilities for the 
۱ ی‎ ea bøn and Classification of 
precipitation over the west coast of the United States. 
iaemacetiraecy Gi tour Satellite precipitation estimation 
approaches will be evaluated using twelve winter/spring 
cases. Three methods use the Satellite-Data Processing 
and Display Systen (SPADS) software packases while a 
۱۳ ۱ ۲ ۵ ۱۱۱۵۲ 1۱۰ subjective. Verification is conducted 
EE ۲ 9 0] 09 1 21 Center's (UíC's) radar 
summary charts and surface observations. 

Chapter II of this thesis reviews the problem of 
monitoring rainfall including key research involving 
satellite derived precipitation. Chapter III gives a 
detailed description of the experimental procedure. 
Chapter IV includes the four precipitation estimation 
schemes including the National Environmental Satellite, 
bGUusand Intormation Service (NESDIS) technique for 
identifying precipitation, SPADS bispectral and 
thresholding techniques, and the current Naval 
mostordatate School (NPS) cloud and precipitation model. 
Chapter V describes the experimental results using a 
case demonstrating excellent agreement and a case 


demonstrating poor agreement. The experimental results 
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for these two cases are provided in detail. 5 ۳ 8 
ten cases, analyzed witn the same attention to detail, 
have been summarized in tables for ease in reading. 
Conclusions and recommendations for all twelve cases are 


Found in 6" ۶ ٤ 
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۱11 e OF THE PROBLL! 


"٠ 7٦٤٦ 

EE (19;]1) describe precipitation as 
one of the most variable elements in weather. It varies 
with resnect to its frequency, duration, intensity and 
2۰-٠٠٠٠٦۹۰۲۰۲6 ۶۲۰.٦٦0۰٣۰۰٠٢ mention its appearance in both 
۳ 3 ۱: Liqumd forms. Rainfall organization, and 
۱ ۰ ۳ ۲ ۱۱۱6 1 0 , ۱۱۲ ۱۱1 ۱۲ oy atmospheric circulation, are 
oreatly enriched by global seography. These factors 
result in rainfall distribution patterns of oreat 
complexity. 

Conventional techniques for measuring precipitation 
include the traditional in situ devices (rainguages) and 
aoround-based remote sensina systems (weather radar), both 
Of which have been used successfully during the past 
twenty-five years. Although these methods provide 
۳۳۱ ۰ ۲۰:۸۲ ۰ dala, it is not surprising that 
monitoring vith the desired detail, timeliness and 
Hccuracv ds Often difficult. 

Measurement of rainfall by gauges depends on 
topography, site, wind and gauge design. In addition, 


eeecessibilaty of locations, availability of personnel to 


is 


read the instrument, suitable power supply, Security of 
station, ability to communicate read a vv 
accurately, and lack of observation 1] 5 ۲ 5 GC E 
oceans magnify the difficulty of usine euas3es to 
observe precipitation. It is easy to see why better 
methods are sought. 

In the case of the remote weather radar, problems 
with resolving the proper relationship of 5ackscamti mm 
nicrowave energy to drop spectrum s1ze, تا ال‎ 
absorption, reflection and signal calibrat romae p 
present difficulties in the measurement of precipitar mom 
intensity and amounts. Barrett and llartin (1981) 1 1 m 
that spatial correlation of rainfall decreases ۲ 1 ERE 
with increasing distance between points (e.g., rainfall 
at points separated by distances as small as 50 km is 
practically unrelated). Further discussions soi sume 
capabilties and weaknesses of radar measurement are found 
in Jason (1971), Battan (1973), and Hudlow et ار‎ | 
However, Sarrett and Martin point out that radar does 
nave an advantage over conventional gauges. It is 
spatially continuous over its prescribed range, usually 


125" miles. over eege 
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٤‏ 19۰۹ ا 

oap lays an inportant role in weather,‏ ح۶۶۰5 
AS a primary part‏ 2:1۰ 1 ۵۱9 نت لو ی mat:‏ 
cin dro los Ga Nevele, nan depends on it as a natural‏ 
I oo f enera lliure vater for use im agriculture,‏ 
forestry and commerce, which includes transportation,‏ 
ario ns tana industry. It also supplies the net of‏ ۱۱۱۱۱ 
Heating from condensation within the atmosphere, which is‏ 
aso tant input to any elobal atmospheric/oceanic‏ 
unu ۲۱۱ ۱۱۱ ۶ 1 ۱ 65 0۳ monitoring this weather‏ 
parameter globally grows as modeling techniques improve.‏ 

Nes interest in precipitation mitrors many of 
the reasons mentioned above, but also includes tactical 
requirements. Unfortunately, conventional methods of 
۳ ۱ 1۳ ۲۱۲۰ ۲۰۱ ۰۲ data provide little or no coverage 
over the oceans. Land coverage, often sparse at best, nay 
woer during a confrontation, such as the recent 
Falkland Island conflict where Argentina stopped 
menortrine surtace observations for the duration of the 
Nas lana. Other tactical decisions (i.e., 
ship movements, amphibious landings, carrier operations, 
59 edurre current information on cloud cover, 
precipitation, winds and temperature as well as the 


ability to make accurate short and long range forecasts. 


7 


Therefore, the avy must strive to upgrade its ability to 


monitor these parameters, especially over the 


OE CAR SR 


Other reasons for using satellites vice conventional 


methods include the ability to resolve larger 


Spatial 


Jatterns, timeliness of observations andes to mi 


data base. Lith the new aval Oceanography systems, 


digital satellite data will soon be available 
remote user. Satellite methods 5 ۶ 5 ا‎ 
precipitation will enhance the final analysis 
forecast products for both regiona ana +4٣٥) 


This thesis will focus on comparing sate MENTS 


to the 


of 


and 


5 ۱ 


precipitation schemes which provide reliable analysis of 


synoptic precipitation patterns. 


SEN, REH E 


۰ ٴ۰ ۰ 

The central west coast of the United States served 
EE CVA Ua TION 5 ۵91 0۳۲ for this investigation. This 
geographical location vas selected for two reasons. 

۰۲ ۰, ۲ ۱۳۲ 5۵۲ ۱۲۲۱6 weather systems, only slichtla 
۳۳۵ ۰ و ۲۱ 2 ۲( 9 ۲ انا اه‎ move throush this region on a 
Eat hel routine basis. And second, two National Weather 
3 ۱ radar Observation stations are located 
near the center of this area to provide reliable 
verification of satellite imagery through use of 
automated radar summary charts. 

۱ ۰-۱ ۱ 1 ] ۱6 ۱00 5 of mapoing precipitation 
studied were based on visible and infrared imagery. 
Although passive microwave techniques are being 
developed, there were no operational microwave data 
available. Futhermore, the GOES E yd could be 
collected every 30 minutes which meant images could be 
selected which closely coincided with Radar Sumnary Chart 
tines. This would not have been possible with microwave 
mata since they come from a polar orbiting satellite and 


2۲٠٣٢ times vary daily. 
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GOES visible and infrared imagery was collected on 
the Global Acquisition and Data Handling CVS OOS 
at the Naval Environmental Prediction Research Pacw lama 
(NEPRF) in :lonterey, CA. The data vere collecteur EM 
five-month period from November 19€6 to arch ۲ 9 ۰ 
that data set, twelve cases were selected by the 
following decision criteria. If automated radar sunmary 
charts indicated precipitation within the region und) 
investigation, COLS imagery along with tenperature ۲ meni 
data from FOC were collected. If the imagery and field 
data were collected with no problems, then surface diaii 
were ordered for the closest synoptic hour. A sate 2am 
analysis of the imagery was completed using four 
techniques. These techniques are described in the next 
chapter. Finally, comparisons between results using 
these techniques and actual radar and surface 


observations were made and evaluation statistics o r SE 


Se VIYPES OF VER pice hen 
l. ¿Radar suntarny Charts 
The automated radar summary chart, produced by 
the National Weather Service, was a major verificatwon 
tool for this project. Imagery were received to COME 
as near as possible with the times on the radar summary 


chart. The radar information was then ۲ ۲ HIN 


manually from the radar summary chart, on a polar stereo- 
nere een a GAD 5 mercator background 
o e ea eer or e aC ILIC ocean and the western United 
States. A viewsraph of the precipitation pattern vas 
taken and compared with satellite estimation techniques. 
" ۳ ace" Observations 

Surface observations were used to supplenent the 
radar summary charts. Data for the nearest synoptic hour 
eeo ll ected fron Fs archives and FNOC's data bank. 
PS archives provided surface charts with excellent 
coverage over the area of interest. FNOC charts provided 
sparse data over the area of interest but added ship 
observations to the immediate west. Together, the two 
sources provided good coverage of the area of interest 
and adjacent ocean. For some cases, however, surface 
observations were given more weight than the radar 
Summary chart since the images and surface observations 
occurred at the same exact time. In these cases the radar 
summary chart was valid 30 minutes following the image 


pine, 


IV. EXPERI: TACA TO TE 
A. «wESDIS TECH: IQUE FOR SHCRT SACC A eee 

را 2 

The SDIS technique, developed by Scofield 2۳00 
(1984), uses geostationary satellite imagery for 
estimating precinitation from extratropical Cye Wome 
during the winter season. they divide ertratrop m 
cyclones into five catetories. Bach category 1s ٩ ۶ ظ‎ 
by distinct cloud pattern evolution and I? enhancements 
“which indicate where the light; moderate and heavy 
precipitation should occur. From this analysis. ss u 
range (l- to 23-hour) forecasts are prepared. These 
techniques are very subjective and usually overestinate 
precipitation intensities and amounts, as indicate mm 
Scofield et al. (19832) and Scofield and opan SS 

Scofield and Spayd (1984) schematics of cloud 
patterns associated with precipitation were developed by 
examining IR data for various types of winter storms. [me 
schematics are used as aids in analyzing the location and 
magnitude of continuous or showery precipitation an Se MEME 
threshold and cloud pattern structure within the wae 
Storm clouds. Images of this technique ۵ eT 


operationally by the regional ‘ational Weather Service 


I 
to 


Noto recaster at Redwood City, CA, and sent out over 
the UNIFAX circuit, will be compared to observed 
nep EE rn the twelve validation cases. 

There are five basic types of cloud patterns. They 
ہہ ہت‎ nead cCatesory, baroclinic leat category, 
subsynontic-scale “ave category, cloud band category, and 
overruninc category. :fore details on these categories are 
mC CC IN CNC cases ny case analysis, [he NESDIS method 
differs substantially from the objective methods in that 
۱3 ٩ 9 ۵ 21۲ VIER hunan input. The comparison of both 
subjective and objective approaches will assess the role 
i imal decisions in satellite precipitation estimation. 
IEEE wea eee PROCESSING Ail) DISPLAY SYSTEM (SPADS) 

O ES 

C r a ۱۱۱۱۰ ۰۰۱۱۵ ۱۱ ۵ 

۱۳:۱ ۳ ۰۱۱۲ ۰9۱۱۵ 1 ۱ is the original subjective 

technique (i.e., digital data transformed to shades of 
aray or Colors) used for mapping precipitation. owever, 
۰۱۳ ۲ TTS inability to easily distinguish between thin 
s L ۴ ۵ لا‎ ۱۵۱, Barrett and tlartin (1981) 
conclude that IR thresholding is only effective when 
working with isolated convective activity. Otherwise the 


technique consistently overestimates the observed 


8 6 6 1 1۲21 07۷ pattern. 
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There are numerous image enhancements designed to 
isolate precipitating clouds. Current objective methods 
use nore sophisticated means of thresholdina to 
‘istinguish types and intensity of precipitation. es na 
all of the nethods described here use IR data in 
threshold form, it is presented here as an analysis 
66 ۶۲٦ 

A range of IR thresholds are used in +٣٣ 
a rain/no rain condition. Some models. P IR 
model, use two threshold cutoffs (i.e., 247.5 KES i E 
X) for discriminating light and moderate intensities of 
precipitation. Pue to the many accepted is tanda 
thresholds, this technique produces an image of a 
specific range of cloud-top temperatures (i.e. 2150 D 
255 K) likely associated with precipitation. ۶ pom 
was selected after reviewing articles by Scofield and 
Oliver (1977), Negri and Adler (1981), Paul (T02 وت رز‎ 
Spray (1935) which documented their IR threshold) ranges 
of 193 K to 243 K, 229 K to 200 K, less n a E 
to 254 K and less than 246 X to 254 K ۳ ۶ cT 

In addition, a range ot cloud=top remper ru = 
are recorded for each case study to be presenterd in 


fieure form later in the thesis. 1۱5 ۳۱3 CONE 


with active precipitation areas from the radar summary 
chart and surface observations. Then, these ranges are 
compiled and presented in eraphical format for use in 
comparing past east coast results with this season's 


resi corsi results. 


e Noc ratrulon2rv Satellite Cloud and 
weet urate tom Analysis. odel 





Eu Mc OSO) describes an autonated cloud 
pnd precipitation analysis scheme. The precipitation 
Fen EE EE eg version of Liljas's 
C ۲ ۵ 3۱۵ tecimique adopted from the results of 
‘luench and \eegan (1979). The precipitation module 
activates if the cloud-type registers as nimbostratus or 
cumulonimbus. Intensity depends on infrared and visual 
values; the colder infrared temperatures and brighter 
visual albedos produce heavier intensities. As indicated 
2 ore, the infrared precipitation threshold consists of 
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two values (247.5 ANO nic equate to Light and 
noderate precipitation respectively. The values vary 
slightly because they are dependent upon observed 
temperature profiles. 
Oe eeba spectral 
Due to time constraints, it may not be possible 


at sea using a TESS system to execute a complete cloud 


n cool و‎ 1۱۱۳1۵۳ bispectral approach, using both 


visible and infrared data, has been developed for SPADS 
software. The bispectral technique combines ص9٠٦‎ ٦[ 
and infrared images and overlays tne two inages in 
different colors (e.r., IR-red and VIS-eréeen MÅ NENNE 
inmaces combine to produce different shades of orante and 
vellow, the technique 1٦1081۰26 جع‎ 88+ +4٦٣ 
thickness (visual) and cold (hi5h) cloud-tops (infromem 
civin^ a strone probability of precipitation. lhe ss 
the shadin^ cones to a pure yellow the greater the 
thickness and the colder the cloud-top temperature, (ite 
would indicate a neavier Antena 

The SPADS high quality color display See, 
efficient method of showing bispectral Satellite Gama 
Jarrett and “Martin )1931( 11 56۱5 و‎ 6 ۲ ۰۰ ۰ ۳ ۱ 
studies using bispectral methods. The most successful 
application has been by Lovejoy and Austin (1979), where 


radar data cuides the choice of Critical es 


ee نا ہہ‎ Al eS oULTS 


The evaluation results are now presented. To 
wer ate tne evaluation procedure, attention is 
MTS coo o ot pele twelve cases,.a case with 
excellent and a case with poor agreement. Results fron 
all twelve cases are then summarized in Tables 1 - 12. 
E3cnM se loa at all four of the experimental 
techniques mentioned in the previous chapter and makes a 
subjective comparison of actual radar and surface 
observation coverage. 

Gc 366ج اتد دے‎ ۲1703.65 of precipitation from each of 
the four techniques is compared to the observed radar 
data for the central west coast region of the United 
States. An overlay of the radar coveravze is placed over 
۱ ۱۱۳۵ ۰و ۱۲ او‎ Attention is first focused on 
the area of the satellite estimate that is verified by 
Ene radar and surface data. Preferably. satellite 
estimation techniques should have been compared with 
digital radar observations to generate objective threat 
scores (i.e., comparison of two fields or patterns; 
amount of overlapping area divided by the overall area of 


both fields to yeid a percentage). 'iowever, digital radar 


observations could not be obtained toWcorres nm 
image times. Therefore. a subjective threat score is 
deternined by comparing the correct area with the overall 
analysis and verification areas. Two types Of patterns 
vere Zound in these evaluations. NE TOT 
satellite estimates were larger than the observed radar 
or surface observation pattern. So the threat score m 
percentage of the satellite estimate. In the few wean 
where the radar and surface observation areas were larner 
than the satellite estimates, the threat score was the 
percent of the rain area correctly classified D MEM 
satellite method. The percentace is evaluated 
subjectively with an estimation error of approxinat enk 
ten percent. Since the percentage of agreement is 
subjective, four categories are utilized to describe the 
results. The categories are: Excellent Agreement -greater 
than 755, Good Agreement -between 50-75%, Fair Agreement 
- between 25-50%, and Poor Agreement - less than 25%. 
ext, each technique is conpared with the observen 
nrecivitation and classified as either an over- or 
underestimation. In two cases (1.6.5 2ande pee 
overestimates the northern portion of the frontal band 
while it underestimates the southern tail of the froneam 


band. 
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A third evaluation criterion is the alionment of 
satellite-estimated precipitation compared to that of the 
sere eriteridn for deciding alienment 
involves the orientation of the overall satellite 
estimates compared with the orientation of the radar and 
SUD coo Sr ya ronca tas 1: the alicnment axis of the 
۳۲ 2 1 ۱ ۲۳ ۲ Dattern varied by nore than 20 decrees 
am urtuO northü-northeast), it was considered 
B coMtecteNErIerwise tac" alismment^was considered 
@Oorrect. 

Precipitation intensity was also verified by 
subjectively comparing the satellite estimation within the 
information provided on the radar summary chart and 
surface observations. The evaluation was characterized as 
Their onmmoverestimate, Wnderestimate or correct. 

A fifth evaluation criteria was the accuracy of the 
leadine edse of precipitation. The leading edge of 
۳ 2 aton normally the eastern edge, coincided with 
the onset of precipitation and is a critical forecast 
variable. The leadinsa edge was considered correct if the 
Satellite estimate and observed data agreed within two 
desrees of longitude. Otherwise, the technique's leading 
edge was labelled either substantially east or west of 


the observed precipitation edoe. 


D 


Since radar summary charts vere s 
as the most representative method of nresenting 
precipitation patterns for compar?son, EEO 
imasery were taken at 30 minutes after an intermediate 
synoptic or synoptic hour which was Witham iO 
of the radar summary chart time. Pius ات‎ EE 
observations, taken approximately ten minutes before the 


hour, provide only a secondary tool inf 1-٦ 


qualitative comparison. llowever, there are two 1n which 


CT 


he imagery were taken exactly on the synoptic 7 ۵۱ DE El 
these cases more credence is given to the surface 


observation charts. 


As CASE UBER 9. CEXCELEB DAC ۹۹۱ ۷۹۷۶۷۹ 
The National ‘leteorological Center's (MHilC's) lean 


ra 


Sea Level (:/SL) pressure analysis, for 23005 E UNO 


مدا 


rebruary 1997 (not shown), shows a fast moving cold front 
located alone the west coast of the United States. It is 


approaching a weak wave originating from an upper-level 


"x 


perturbation located over northern California. Vear hin 
nressure dominates the remainder of the western United 
States. The visible and infrared images, ۲ 12 
respectively, depict the complex cloud structure 


AG failed to produce a 2100Z surface analysis. 


5 


۰ له‎ ۵ ۲ ICN ۱1 situation. The visible imase shows 
wo eea Onna cloud vith its center located at 
approximately 49.0% Y and 131.5? ¥. Both visible and 
mr ۱٠6 indicate an unusual bulzse in the frontal 
cloudiness over northern California. 

D c umvapchere for 213572 (Fig. 3) shovs 
um Eom Ucrstejsrarsnm9and rarnshovers occurrino from 
MORE Fee egen oe Lee, CA. The entire area 
جک‎ ۲۲٠٦ ٠٦ ao vine nortneast at 25 to 30 knots. 
e a 1۱ ۱ ۱ له‎ ۲ 1 1 ۱ crease over northern California, 
۶۲ ٩ ۳] ۲ in relation to the weak wave developing in that 
lou rales ipitation observations, depicting 
۲ ۲ ۵۱۱ rainshovers/ fron Astoria, OR southward to 
Los Angeles, CA, increase confidence in the area 
precipitation coverage portrayed by the radar summary 
dart: 

Mee å tenne, developed by Scofield and Spayd 
au den titles the frontal zone as a Cloud Band 
Dcum se hematic ot the SESDIS Cloud ¿and 
Catecory can be seen in Fie. 4. The weak wave was 
identified as a Subsynoptic-Scale “ave in an overrunning 
zone. lts IR schematic can be seen in Fig. 5. The 
۳۳۲ ۵۵ سا‎ Of evolution of cloud patterns associated vit" 


mocerate to heavy precipitation are used by the ¿Us 


Redwood City forecaster to aid in analyzing the location 
and magnitude of the continuous or showery prec +4 + Is 
Scofield and Spayd (1984) describe Doth Cate Ts 
0 ٠ 
Cloud >and: Cirrus clouds conprisée HOSE GI ces 
band. ::owever, tnose bancs which possess low-level 
tails are active (contain precipitation). In 2 0 
when newer cloud bands develop in the rear portion Sw 
the baroclinic zones, the older bands in ۲۱ m 
portions of the Saroclinic zones ہ‎  ) 9١ r P 
subsvynoptic-Scale ‘ave: At times the wave appears to 
develo» in an area of convection along the southern 
nortion of the baroclinic zone and prosa 5 
nortnéeastward 21 ۲۱5 oN. 
Comparisons of the operational Redwood City NN 
product, as seen in Fig. 6, with observed radar and 
surface observation precipitation patterns indicate 
estimates that are classified as excellent agreement. By 
the size and intensity of shower activity, the 
Subsynoptic-Scale Wave schematic (Fig. 5) usino TPA DRE 
shows the best correlation. The alignment of the 
precipitation patterns is extremely good, intensities 
showing light rain and rainshowers 2۶ ظ‎ ۰ 
overestimated, and overlapping area coverage as related 
to threat score is close to 90%, The leading edge of the 


precipitation pattern is excellent except over a small 


section of northern California where the technique 


Do 


unaerestimates the actual precipitation pattern slightly 
to the west. 

ne r-sholustechnaque observed in Figo. 7 
is classified as excellent agreement. OÚverlanpinsa area 
-. کٹ‎ SS Ali arent ard leading ede are exact. 
Mewever,  @nmtensities (1.e., colder cloud-top 
temperatures) are again overestimated along the Oregon 
coast. [R ennancenents indicate that temperatures in the 
EE c best represent the pattern 
enerne 16 radar summary chart for case number 9. 

As indicated before, results from all cases will be 
ac xc me ۲ 0۲ ۱2۵ Lor comparison with mean 
thresholds derived from previous studies. 

UNS corno del results observed in Fie. 3 is 
classified as excellent acreement (i.e., area coverage is 
755). Again, the technique overestimates the leadina edae 
۴۰۰۰۰۶۰٠٠٠٠٠٠٦9 ٣١۹٣٦ بت‎ 3۰٠ the mountains northeast of Sacramento 
but otherwise the rest of the pattern is correct. And as 
stated above, radar and surface observation covera‘re in 
this resion is suspect. The model indicates areas where 
merl cense sp recipitation 1s likely, and like the iESDIS 
echuscwes Lt Indicates rainshowers occurrine 
throughout the precipitation band. The alienment is 


morrect., 


The bispectral image observed in ۲ و1‎ 9 s 
as excellent agreement. Area coverage is 905. Bright 
yellows highlight all areas of precipitation. :]6۷ ۷ ٥ 
the area of bright yellows actually exceeds the area of 
nrecinitation over the mountains northeast Of Sacramemmes 
California. Since the radar cannot see over the ۶۶ً 887 
and surface reports are extremely sparse in this TCG 
it remains inconclusive vhether the bispectral 
representation is overestimating the actual recipe R 
at all. Otherwise the leading edge is correct. The 
aliznment of the area is exact. Precipitation intensity 
is difficult to estimate usina the bispectral method 
hecause it is hard to deternine when the shade of yellow 
is getting brighter. Sut it appears that the ۲ E 
yellows are again north of the weak wave. 

Table 9 contains a summary of all the information 
above. All methods received an excellent score, but the 
.» ول لا دب‎ and bispectral techniques scored slightly ٣ 
The NESDIS and IR techniques underestimated the area 
coverage while the other two methods overestimated it. 
All techniques overestimated the intensity of 
precipitation, showed correct alignment and properly 


defined the leading edge of precipitation. 
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KEE EE (POOR AGREEMENT) 

The NMC HSL pressure analysis for 18500 GiIT on 4 
December 1986 (not shown) displays a weak cold front 
o elite vest Coast of the United States. The 
۳ ۲ تا‎ irared ۱۵ ۵۳۷ و‎ Figs. 10 and 11, show a 
comma shaped cloud with its center located at MOS 4| and 
130.1% 1, A massive cirrus shield overshoots the active 
frontal zone by nearly /00 nautical miles. A weak 
Seagerolaryerront stili lingers along the border of 
'"ashington and Oregon, further enhancing the prefrontal 
cloudiness. 

iiem yO wradaresctinmany chart, seen in Fig, 12, shows 
broken areas of precipitation from northern Vashington 
southvard to central California. The areas of 
precipitation are moving eastward at 15 to 20 knots. The 
surface analysis for 1800 G:!T only indicates rainfall 
Securbing at One coastal station in Oregon. Thus, it does 
not add much confidence to the radar depiction. However, 
Biemredar summary chart time, 2135 GHT, is closer to the 
image time than the surface observation chart. So it is 
used as the primary verification tool in this case. 
The NESDIS technique classifies the synoptic 

Situation above as a Cloud Band category. Discussed in 


Ease 1 ۵ 6۳ 9 and illustrated in Fig. 4, this case 


emphasizes the importance of cloud structure 7 
as it relates to those bands with low level tails. The 
NESDIS analysis technique, shown in Iro x 
underestimates the amount of «۳661 1 3۵ 1 7 
occurring along the west coast and therefore CAS 
poor asreement with the radar summary chart. ۳ 5 
does capture the second system off shore. The JESDIS 
approach in a cloud band case focuses attention 25 5 
immediate cloud bands (using the cloud tails as a guide). 
The large nid and nigh cloud shield ahead of the bands is 
correctly classified as no precipitation. The erro rEESH 
this case is to underestimate precipitation in the ٤ 
band. Fig. 13 is a working copy of the NESDIS r tecin rm 
supplied by the NWS, Redwood City, CA forecasting 2 
The red marxings on the picture should be ignored since 
they represent a short range forecast and are not related 
to this study. Área coveraoe or threat in the 
region of interest is approximately 155 which classifies 
the estimation techniaue as poor agreement. The alignment 
of the precipitation pattern is also poor. Eowever, the 
misalignment, in part, is probably due to the ane 
analysis. Although the first baroclinic Zone is 3 5۷ 8 
underestimated, there is enough depicted to clearly 


identify the leading edze of ۳۵61 ۲۱ ۳۵ ۲ ۲ ٦ 
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EMI cue zones developing to the rear of the 
first Zone, intensities are correctly depicted by showin 
۴۰۰٠٠٠۹9 Pee ones urrinn alongs the eastern 
حت‎ ۱ ۱۱ 62 0 ٠ 

Me E thresiole technique is classified 
as poor acreenent. Overlappins area coverage is 20... The 
ES Keane Ih 2cvance of the frontal band 
on TE SEE nen Overestimation of the precipitation 
۳ ۲ ۰۳۲ ۰ BrOiecting the leadino edoe of precipiation 
Nito se cast. Orientation is also distorted 
since the 1: enhancement slants northwest to southeast 
۱۳ ۲ Gaddaremeplction slants north to south. Cloud- 
۳ وه ۱ ص۱۱‎ ranging tron 2138 X to 243 و‎ imply 
9۰6 1 ۳ ۱ ۲ ۰۳1 0 Intensity throughout the ۲6۹1 01 و‎ 
اه ت۰‎ ۶۱۲ ۲ intensities are steady and light. 

co TNE Po. technique is classified 
as fair agreement. The enhancement curves used in the 
model do not completely differentiate between the cirrus 
shield and the frontal band which causes the same over- 
estimation, but not as cross as stated in the I? 
Becinmaque, Area coverase is 253. Orientation of the area, 
unlike the previous techniaue, is more north to soutn 
like the radar summary chart. Intensity over the observed 


Brea remains nearly constant which is consistent with the 


D 


steady lictht orecipitation pattern depicted o nro "7 
summary chart and, therefore, is celassiited sagmcom. ce 
Yet the leading edge of the precipitacrionmkap pe 
substantially to the east of tne observed edge. 

The hispectral technique observed in ۰ ۰۰ DNO 
the sane prodblens indicated in the 5 ۲ 
technique. Again, area coverase is 205, vhich ۰1555 1 nEaN 
tne tecaniaue as having poor agreement. Tne cirrus Siem 
causes the sane overestimation. Orientation of the 
bispectral »recipitation pattern axis renains nortiWwe5 
to southeast vhich differs from the observed pattern. 
Intensity is not distinguishable since there 18 ١ 
no shadine differences in the frontal zone or cirrus 
shield. The leadine edge of the precipitation is again 
Substantially east of tne observed edge. 

Table 1 contains a summary of caseo number m m 
methods are marginally poor cases. The ¡PS technique 
seems to do slightly better than the other three 
satellite estimates. ‘here all of the other methods 
overestimate the amount of precipitation occur rin o meee 
SLSDIS model severely underestinates it. 9+ 94 7 
incorrect in all techniques except tne ۳ NT 


+ESDIS and NPS methods show correct precipi r ireo 


intensities while the IN technique overestimate its and 


Ces pectralunderestimáates 1t. Fic. 13 indicates that 
Elem oN omtechmiaque correctly adentifies the leadins 
Ec Iecuprtatron ۲6 ۵11 of the other satellite 
۳ ۲ ۱۰۱ ۰6 کت‎ ۱۱ leadine edee Substantially to the 


Ears Gre 


ee [5 (j lU ایا‎ Casio 

Table 13 summarizes the evaluations of all twelve 
aces cables 1-12) and provides an overall comparison of 
Meee e eS Using the calculations derived from all of 


the cases. Although the percentaces do not show many 


L^ 


۳ ۵ ۲ ۴ ۲ 6۱۱۲ 6 between the techniques, the NESDIS 
technique is shown to be superior in almost every 
mcm ne most likely explanation for this improved 
capability is the human input in the analysis stateoy. 
EnaEeucentaeccor atea Coverage, the IR tareshold 
vechnique ts the least effective (375). But the other 
tnree techniques only show modest to good skill and have 
ones rman ten percentzle points of each other (i.e., 
D btegerer (that all three SPADS 
EE Consistently overtorecast the amount of 
Precio تا‎ . Some more than otners, Sut the NESDIS 
technique, as seen in Yable 13, over- and underestimates 
۳ ۳ 1 ۲۰ 5 2 5 11۱ 6۱۱۵ ۰ Azain, inserting human judgement 


into the analysis stratezy seems to improve the overall 


area estimation. Another explanation for the Vow scores 
seen in all of the techniques is that they may be 
artifically lower than normal because the selected area 
of interest did not include the western edse of 
nrecinitation. And it was over water, alone the western 
edee of the precipitation, where the technique seems to 
make its best analysis. Thus, given the area coverage 
scores alone, one would incorrectly conclude that None oS 
the techniques provide better than good representation of 
the observed precipitation patterns. 

In addition, Table 13 shows that all techniques do 
an excellent job in setting the correct alignment ۴ 
only the NESDIS and IPS methods show adequate ski iim 
nredicting intensities of precipitation. The 5 ۶:۱ ۳ 5 
the NPS model are extremely promising since there isena 
nan involved in the analysis strategy. ine IP technique 
normally overestimates while the bispectral often 
underestimates the intensities. Intensities were 
extremely difficult to evaluate for the 915 ۳۲ ۰ 
technique. The shades of yellow and orange proved much 
more difficult to discern than shades of oray ۱ ۲ 
factor was the quality of hardware. Poor resolution on 
the CRT or hardcopy print device caused further hardships 


in estimating precipitation inten ٦ 


۳۰ ۰ ۸ ۳ ده ۲ ۱:۱1 دا‎ that the NESDIS technique 
shows excellent skill in depicting the leading edoe of 
ie Observed 5ط 0767 ت۲6‎ 7000٦6 SPADS satellite 
estimation techniques seen to consistently place tne 
leadino edse substantially to the east. 

fig. 1/ looks at the area coverage percentage 
scores £or all techniques and cases over the vinter 
se Bone roe orar 19557. Although no specific 
HS OSO Una vita this Graph, it is easy to pick out 
Anaco. cando) where one particular 


aeae dd Signi icantly better than the others. It 


t 


2 ۱ ۰۳ ۱۱۲ 5 eradual improvement of the SPADS 
techniques as the winter season prosressed which is 
۳۰ ۰ ۲ تا‎ ۲ 1 ۱۱ 6 to a strengthenine of winter 
Storms. therefore the stronzer storms were faster moving 
and more sharply defined tnan the earlier slow moving 
systens. 

Table 14 shows the NESDIS catesory used in each case. 
Meotwcerthar only two (1.e., Cloud Band and Subsynoptic- 
cate Nave) ot the five basic WESDIS categories mentioned 
in Chapter IV were used in all twelve cases. This 
orobably stemmed from the initial criteria for selecting 
cases which required precipitation on the radar sunmnary 


BIB somewhere within the radar umbrella of either 
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Sacramento, CA or .ledford, 02. To acconega ENSE 
requirement, several of the other categories, which occur 
farther to the north, were exclude ٣ 

rig. l8 takes all the cloud-top temperature data 
collected from all twelve cases and DlOUS ہب‎ 7 
a gravnhical format. As observed in the figure, tne topes 
the mean cloud-top temperature range is anproximately 24] 
x Which is close, although 5۲۵۵۲ ۶۱ 2۳9 ۵ 
threshold range (i.e., 246 X to 253 زر‎ +١۹١ K T 
sighted by Paul (1983). The explanation ۶ و‎ 
difference is not obvious, but may be explained by the 


winter season and higher latitude where the cases were 


selected. 
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CI A SE SUMUS SU H.s.3AIIQSS 


HIN DEE derived from results 
described in Chapter Y: 1) the nanual (man intensive) 
ENNO Ve superior to the objective SPADS 
techniaues, 2) all techniques overestimated observed 
Fe NE SIS method reduced the amount 
of overestination and even underestimated by 
approximately the same amount, 3) all techniques did a 
better job representing the western edge rather than 
eastern edge of nprecipitation, 4) all techniques show 
ent alienment, 5) only the LESDIS and "PS methods 
EIE | ne predleting precipitation intensity, €) the 
DESDIS technique shovs excellent skill in depicting the 
leading edce of precipitaion, 7) the average range of 
cloud-top temperatures which match radar summary chart 
natterns is approximately SC u older than previous 
studies indicated. 

۳۲ ۰۳ ۱ ۱۲ ۶ 1 (۳ remains one of the most difficult 
meatner parameters to monitor. Current conventional 
methods (surface and radar observations) of reporting 


precipitation provide excellent coverage over most of 


aoni tedio tates., They provide a timely product which 


is used daily in business, 8۳2۸۲50۲ 5۲ 19۳ 2 ae 
llowever, the coverage ends approximately 50 nautical 
niles offshore and do not aid themiavy SO 
monitor precipitation events across the ۷9۶ ٩ ي‎ ES 
This thesis illustrates that using dicita "۹ 4+ 7 
acostationary satellites, combined with proven aloo T TEER 
and man/machine techniques, vrovides a reliable ۲ 
waich can se usec 8c CO 

The ;.;S2IS technique has been used operationd sS 
several locations across the United  2tates mmm. 
performance is proven and regarded as a technique ror ciki 
of transmission over the ULIZAX circuit. Therefore lm MM 
reconmended that a thoroush study be made of this 
technique, evaluatins all five categories. The evaluation 
should be nade over the open ocean in addition to an 
overland controlled region. If the evaluation proves 5 
the technique provides excellent correlation iman 
observed precipitation patterns, it is further 
recommended that a technical manual be developed for use 
by the "aval Oceanography community. The manual would be 
available to assist Oceanocraphy centers in producin^ a 
precipitation analysis for transmission over ۲ و(‎ 


broadcast. 
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21302 on 9 February 1987 
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Figure 9. Bispectral Image for 21307 
on 9 February 1987 
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Figure 10. GOES Visible Mercator Image 
18302 on 4 December 1986 
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Figure 16, Bispectral Image for 1830Z 
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